In man sweat is a hypotonic fluid. Except in rare instances (1) the ratio of sweat osmolality to serum osmolality is always less than one. In those studies where osmolality and the component solutes have been measured, the principal ions of extracellular fluid, sodium, and chloride are evidently the principal ions of sweat, and potassium, lactate, urea, and bicarbonate play a smaller osmotic role (1, 2) .
There are few studies of osmolality in conditions of altered sweat physiology such as Addison's disease, cystic fibrosis of the pancreas, and acclimatization; but the electrolyte analyses in these conditions and in normal individuals of varying ages suggest the following approximations.
The acclimatized individual may have a sweat to serum osmolality ratio of about 0.1 (3) . The ratio in normal unacclimatized preadolescent children may range from 0.1 to 0.3 (4) , whereas the range in normal unacclimatized men and women may be from 0.1 to 0.5 (4) . In Addison's disease the ratio would be about 0.7 (5) , and in cystic fibrosis the expected range would be from 0.4 to 1.0 (6) .
In contrast to the above is the sweat to serum ratio of urea concentrations, which is always greater than one. Schwartz, Thaysen, and Dole (7) reported an average ratio to be 1.8 with a range of 1.0 to 3.2, whereas Bulmer (8) noted a ratio that was somewhat lower, but still significantly greater than 1. Of further interest was Schwartz's (9) . Both Schwartz and Bulmer postulated that the elevated urea in sweat is the result of a constant amount of water reabsorption in a distal site within the sweat gland.
Sweat secreted from the cat foot pad has been reported by Brusilow and Munger (10) to have an average sodium and potassium concentration of 175 and 20 mEq per L, respectively, suggesting a sweat to serum osmolality ratio greater than 1.
Because Schwartz and Thaysen (11) noted increasing sodium concentrations with increasing secretory rates, they suggested that the hypotonicity of sweat is the result of a predominance of electrolyte reabsorption over water reabsorption by the duct of the sweat gland. The data obtained from the cat provided further evidence for this theory in that light and electron microscopy revealed the chief difference between the sweat gland of man and cat to be the presence in the latter of a short duct poorly endowed with mitochondria (12) . However, Schwartz' calculations indicated that the precursor fluid was hypotonic, whereas the sodium and potassium concentrations in cat sweat (if representative of precursor fluid unmodified by duct reabsorptive processes) suggested that precursor fluid was hypertonic.
The present investigations were undertaken to study 1) precursor fluid osmolality of sweat glands, 2) the relationship between osmolality and urea concentrations in externally delivered sweat, and 3) the variations in osmolality among individual sweat glands. Methods
Osmolality was determined on serum and externally delivered sweat by the Ramsay-Brown melting point method (13, 14) using volumes of 10' to 10' ml. The instrument was calibrated against standard sodium chlo-SAUL W. BRUSILOW AND ELLEN H. GORDES
FIG. 1. SEQUENCE OF MELTING OF INTRALUMINAL ICE CRYSTALS IN THE CAT SWEAT GLAND.
The single cross section is surrounded by subcutaneous fat, a characteristic of the proximal portion of the cat sweat gland. The number in the upper left hand corner of each frame represents degrees centigrade.
ride and urea solutions whose melting points were obtained from the International Critical Tables (15) .
Urea determinations were made by the Chaney and Marbach modification of the indophenol reaction (16). Sodium, potassium, and chloride were determined as previously described (17) .
Sweating in man was induced by the pilocarpine ionto- had elapsed, all the remaining sweat in the chamber was drawn up anaerobically in a tuberculin syringe and placed in a 3-ml centrifuge tube. The droplets of sweat were separated from the oil by centrifuging gently for several minutes. In the same individual two collection periods of about 10 to 15 minutes duration were possible. Usually 30 to 50 /hl of sweat was obtained during each period. Sweat from the foot pad of the cat was also collected under a mineral oil vapor barrier, either by pipetting the sweat under mineral oil or by immersing the foot pad in a small, mineral oil-filled funnel with a closed stem. No more than 20 ul of cat sweat was obtained.
Precursor fluid osmolality in man and cat was investigated using a modification of the direct cryoscopy method described by Wirz, Hargitay, and Kuhn (19) in determining renal papillary osmolality. In five adult male volunteers sweating was induced in the interscapular area by pilocarpine iontophoresis (18) . The foot pads of five cats were made to sweat by subcutaneous injection of methacholine chloride. The sweating skin was then biopsied using a high speed 5-mm punch (20) , taking care to penetrate into the subcutaneous fat. The base of the core was cut, and the specimen was immediately immersed in liquid nitrogen. The Schwartz and associates (7) and Bulmer (8) have postulated that the high sweat to serum urea concentration is due to a constant amount of back diffusion of water with impermeability to urea. As sweat in man is a markedly hypotonic fluid, some limited back diffusion may occur in response to the established osmotic gradients, but the finding of a constant sweat urea concentration in the presence of decreasing sweat osmolality would suggest that there may be independent mechanisms for producing the elevated urea concentration and the marked hypotonicity.
Summary
1. An anaerobic method for collecting sweat is described.
2. The osmolality of sweat secreted by single glands is similar.
3. The osmolality of sweat obtained from the foot pad of the cat is slightly above serum osmolality, whereas the urea concentration of cat sweat is similar to that of the serum. 4 . Direct cryoscopy showed that fluid within the secretory segment of the sweat gland of man and the cat is hypertonic.
